The present study focused on refreshing within a working memory (WM) context. Refreshing refers to the mechanism that brings back information into the focus of attention in order to counteract forgetting of memory traces. Despite some research on this topic, the exact nature of refreshing remains unclear. The present study investigated refreshing by means of the cognitive load (CL) effect. This effect is typically observed in complex span tasks, which combine processing and storage demands. It refers to the observation that WM performance depends on the CL of concurrent processing, defined as the proportion of time between list items that is occupied by concurrent processing and therefore not available to refresh memory items. Traditionally, the CL effect has been demonstrated using withincategory memory sequences in which all memory items are drawn from one category (e.g., all words). Here, we show that the CL effect also applies to between-category memory sequences in which memory items are drawn from different categories (e.g., words, orientations, faces, etc.). The ensemble of the results adds to the domaingenerality of the CL effect. Implications concerning the specific nature of refreshing and future research directions are discussed.
Introduction
Working memory (WM) refers to the ensemble of processes with a common goal to keep information in a state of activation, ready for immediate use, in the presence of ongoing cognitive activities. It, thus, often involves a maintenance and a processing component, and the interplay between these two processes constitutes a main topic of research. One of the main questions is concerned with the nature of the resources supporting these processing and maintenance activities. In the early versions of one of the most influential models of WM, the multiple-component model, 1, 2 processing and maintenance activities are assumed to rely on different resources, with maintenance supported by domain-specific resources (e.g., articulatory rehearsal or domain-specific visual or spatial resources) and processing supported by domaingeneral attentional resources as well. Because maintenance is assumed to rely exclusively on domainspecific resources, it is expected that short-term maintenance will be disrupted by concurrent processing that involves material pertaining to the same domain, for example, when both components involve verbal information or when both components involve visual or spatial information, but not, or very little, by concurrent processing that involves material pertaining to another domain, for example, when maintenance involves verbal information and processing involves visuospatial information. [3] [4] [5] [6] Several other models of WM, however, assume the existence of a common resource shared between maintenance and processing in WM, and this resource is assumed to be central attention. [7] [8] [9] This attentional resource is suggested to be domain-general and thus, to be involved in maintenance and processing regardless of the nature of doi: 10.1111/nyas.13702 the information to be maintained or processed. a As a result, it is expected that maintenance will be disrupted by any attention-demanding concurrent processing task, regardless of the nature of the information to be maintained or processed. Thus, based on whether or not domain-general attention is assumed to support maintenance, concurrent processing of information pertaining to another domain is expected to interfere with short-term maintenance. The role of attention in short-term retention is thus of crucial importance to understand the interplay between maintenance and processing activities in WM.
The role of attention in maintenance: the effect of cognitive load
It is within the debate of domain-specific versus domain-general WM resources that the cognitive load (CL) effect was first described. 7, 12 The CL effect refers to the observation that the length of memory sequences that can be remembered decreases as the CL of concurrent processing activities increases, with CL defined as the proportion of time during which processing captures attention in such a way that attentional maintenance cannot take place. 7, 13, 14 The observation that short-term memory performance depends heavily on the attentional demands of concurrent processing lends strong support to the idea that short-term maintenance is critically dependent on attention.
The CL effect has mainly been examined using the complex span task. In this task, participants have to maintain series of memory items, which are presented in alternation with processing phases (see Fig. 2 ). During each processing phase, several processing items are presented, and CL can be manipulated by, for example, manipulating the number of items to be processed within a fixed time interval; as more items need to be processed, less time remains available for attentional maintenance. Making use of complex span tasks, it has been demonstrated that the CL effect applies not only to the maintenance of verbal material 7, 13, 15, 16 but also to the maintenance of visual and spatial material, [17] [18] [19] and to the maintenance feature associations like letters a It should be noted, however, that there are also data and theories indicating that attentional resources could be domain specific, or at the very least, asymmetric. 10, 11 and locations. 20 The CL effect appears thus to be a robust phenomenon that generalizes across different memory materials. This supports the idea that, in general, short-term maintenance depends on attention. Moreover, consistent with the idea that it is domain-general attention that is shared between maintenance and processing, the CL effect has been demonstrated, regardless of whether processing and maintenance materials pertain to the same domain or to different domains. [17] [18] [19] For example, the CL effect still appeared when letters to be maintained were combined with a spatial processing task or when locations to be maintained were combined with a semantic judgment task. Together, these findings strongly suggest that short-term maintenance is critically dependent on attention, a domain-general resource. The goal of the present study was to provide further evidence for the domain-generality of the CL effect by investigating this effect in memory sequences that combine different categories of information in a same memory sequence (e.g., words, orientations, places, faces).
CL and attentional refreshing
One prominent way in which the CL effect has been interpreted is by assuming that, as soon as attention is available in between processing items, it is used to reactivate decaying memory traces through attentional focusing. 7, [13] [14] [15] [21] [22] [23] This process is often referred to as refreshing and the assumption is that attentional refreshing reactivates information represented in WM by briefly bringing representations back into the focus of attention. 7, [24] [25] [26] Refreshing is assumed to be different from articulatory rehearsal; whereas refreshing is by definition assumed to rely on attention, rehearsal uses the speech system and is assumed to operate independently from attention. 15, 21, 27, 28, 30 Because the CL effect is assumed to reflect the interplay between memory decay and refreshing within a WM context (but see Ref. 29 for an alternative interpretation), it has frequently been used to study the process of refreshing. For example, (1) the CL effect has been demonstrated for different types of memory material (verbal, visual, spatial; Refs. 7, (17) (18) (19) (20) ; it is, hence, typically proposed that refreshing is a domain-general mechanism of maintenance that can be used for almost all types of materials. Also, (2) have used the CL effect to examine how refreshing relates to short-term consolidation; by demonstrating that the CL effect did not interact with an effect typically linked to consolidation (i.e., providing more time between item presentation and the first processing item in a complex span task), it was concluded that refreshing is different from shortterm consolidation. 31 And finally, (4) several studies have shown a CL effect in children between 7 and 14 years, hence suggesting that the use of refreshing as a maintenance strategy is already used by children at the age of 7. 28, 32, 33 In the present study, we propose to use a similar approach, using the CL effect to examine refreshing. In particular, we propose to examine the generalizability of refreshing by examining whether the CL effect, and thus refreshing, occurs for betweencategory memory sequences.
Refreshing in between-category sequences
Up until now, the CL effect has only been demonstrated for memory sequences that consist of items that pertain to the same category, that is, withincategory sequences such as series of letters, series of words, series of spatial locations, and so on. It is currently unclear whether the CL effect can also be observed for memory sequences that consist of items that pertain to different categories of information, that is, between-category sequences such as a sequence consisting of a face, a word, an orientation, and a place. Based on the assumption that the CL effect can be used to infer the occurrence of refreshing, and on the assumption that refreshing is a general mechanism that can be used to maintain almost all types of material, there is no apparent reason to expect that the CL effect would only be observed for within-category sequences and thus, there is no apparent reason to expect that the CL effect would not or to a lesser account occur for between-category sequences. Moreover, refreshing is typically proposed as a mechanism that counteracts decay 7, 13, 25 and, to our knowledge, there is currently no theory assuming that decay only occurs in within-category memory sequences. Therefore, based on common assumptions of refreshing, decay and the CL effect, one would expect a CL effect for between-category sequences. Nevertheless, time-based decay as the main determinant of short-term forgetting (see Ref. 34 for an overview) is not accepted by all and several researchers argue rather in favor of interferencebased forgetting. [35] [36] [37] One could then assume that refreshing is not necessarily tied to decay, but might rather serve to counter interference caused by new incoming information that would act on the memory representations. In a recent study of particular relevance for this point, Farrell and Oberauer 38 had compared recall for same-category sequences (six items drawn from one category) and betweencategory sequences (six items drawn from three categories, thus two items per category). They had observed that participants made generally less errors in the between-category sequence, and the errors made in these between-category sequences concerned relatively more within-category errors than expected based on simulations from the samecategory sequences. In their experiment, in contrast to the complex span paradigm, no specific refreshing opportunities were inserted, nor was there any concurrent attention-demanding task. Thus, in a simple short-term memory task, recall of items of different categories was observed to be better than recall of items drawn from a single category. A similar result had been observed by Young and Supa. 39 They presented participants with sequences of either only digits, only words, or a combination of both. The task also concerned an immediate recall task and they observed, like Farrell and Oberauer, 38 better memory performance for between-category sequences than for same-category sequences. It is likely that remembering items drawn from a single category is more difficult than remembering items drawn from different categories because of withincategory confusion. If one assumes that refreshing counteracts confusion-based forgetting, rather than decay-based forgetting, then it would be possible that the CL effect observed so far in within-category sequences reflects the need to refresh confusable items. If refreshing serves to reduce or eliminate this confusion, then the need to refresh would be drastically reduced in between-category series. As a consequence, using list items from fairly distinct categories may abolish, or at least strongly minimize, the CL effect.
The current study tested whether a CL effect can be observed for between-category sequences. Observing a CL effect for between-category sequences would contribute to the growing body of evidence for CL effects in WM, as well as support its generality. On the other hand, not observing a CL effect for between-category sequences would cast doubt on common assumptions of refreshing, decay, and the CL effect.
Methods

Participants
Thirty-five students from the University of Geneva (mean age = 21.31 years (SD = 1.96), 24 females) have participated in this experiment for partial course credits.
Tasks and materials
The task was created using E-Prime 2.0 software 40 and administered to the participants on a computer. A complex span task was created by combining series of four memory items belonging to four different categories (maintenance component) with an auditory discrimination task (processing component). The task procedure is shown in Figure 2 . The categories used in this study were pseudowords, line orientations, faces, and outdoor places. These categories pertain to different domains (verbal, spatial, visual) and are well-differentiated from each other. The memory materials consisted in pools of 16 instances per category ( Fig. 1 shows two examples b Furthermore, these categories respond to an additional criterion, which is that they are suitable for use in multivoxel pattern analysis (MVPA) of functional magnetic resonance imaging (fMRI) data. 41, 42 The technique of MVPA [43] [44] [45] [46] [47] has only recently been developed and several studies have provided evidence that MVPA of fMRI data can be used to decode the content of the focus of attention. 41, 42 This technique consists of two steps: (1) to train the pattern classifier, category-labeled brain activity patterns are fed to the classifier and the classifier fits a decision boundary that separates brain activity patterns of different memory categories, and (2) to test the classifier, a novel, independent brain activity pattern is given to the classifier and it is tested whether the trained classifier can correctly determine the category associated with that pattern. Given the current state of the method, betweencategory decoding works best. Using MVPA, it can be for each category). The 16 pronounceable French pseudowords were drawn from a list of 120 pseudowords used in a recent study by Camos et al.
(under revision). We selected pseudowords that had been created by changing a vowel from an existing word, with priority given to the words with lowest frequency in order to avoid semantic elaboration. The images of line orientations were based on the stimuli used by Lewis-Peacock et al. 41 and Lewis-Peacock and Postle. 42 These always consisted of a combination of two line segments. These line segments could be oriented 30°to the left, 30°to the right, 60°to the left, or 60°to the right. Their combination led to 16-line orientation images. The faces category consisted in 16 pictures of male faces, drawn from the pool of stimuli of Lewis-Peacock et al. 41 The places category consisted in a pool of 16 pictures of outdoor places, also drawn from the pool of stimuli of Lewis-Peacock et al. 41 We created 24 trial types in total (see Fig. 2 for a general example of a trial). For each trial type, participants had to remember four memory items in the correct order. The trial types were created in such a way that each category appeared six times in each of the four serial positions, and each category in a certain serial position was always followed by any of the other categories on exactly two trials (e.g., category 1 in serial position 2 is twice followed by category 3, twice by category 4, and twice by category tracked which category is actively thought about at different points in time. Making use of MVPA in future studies as a complement to behavioral studies could allow us to obtain more information about what is typically going on during a WM task. Hence, we opted for the use of MVPA suitable categories to see whether this technique could be used in the future within the CL paradigm. 2). Each category is hence completely independent from the next upcoming category. These 24 trial types make up one block and were repeated in each of the three blocks. That is, the same 24 trial types were used in each block, but the specific exemplars used for each category were randomly determined on each trial out of the 16 possible category items. Furthermore, the order of the different trial types was randomized in each block and thus trial order was different in each block. The association between trial type and CL was counterbalanced across participants and each block had 12 trials with a low CL and 12 trials with a high CL, randomly intermixed.
Participants were instructed to remember the information in order of presentation for final recall at the end of the trial. This recall was administered as a probed recall (see Fig. 2 ), that is, one of the four squares representing the four serial positions was highlighted in red and participants had to select the correct item for the highlighted serial position from the eight options per category displayed below. We opted for probed recall of only one item instead of serial recall of all the items in order to avoid an unnecessary lengthening of the experiment. Regarding this probed recall, on the recall screen eight possible options per category were selected in such a way that for each of the four categories, the correct category item was part of it together with seven other randomly determined items from the same category. The eight options were randomly distributed over the eight squares per category. The order of the categories was fixed: from upper to lower screen participants saw places, orientations, faces, and pseudowords. The probed memory item was selected in such a way that within each block, each serial position was probed six times, three times in a low CL and three times in a high CL trial. Regarding the different categories, over the three blocks each category was probed four times in each serial position (twice in a low and twice in a high CL condition; 4 categories × 4 serial positions × 4 times = 64 trials). In the remaining eight trials (64 + 8 = 72), each category was probed two more times (once in the low and once in the high CL condition) in two randomly defined serial positions.
For the auditory discrimination task to be performed during the processing phase, participants had to discriminate between a low (262 Hz) and a high tone (524 Hz) by pressing keys (see Refs. 20 and 48-50 for other studies using this task as attentiondemanding processing task in a WM context during maintenance). Participants were to press 1 on the keyboard if they thought the tone was low in frequency, or 2 if they thought the tone was high in frequency, immediately upon hearing each tone.
Procedure
The procedure for a single trial was as follows (see Fig. 2 ). After a 500-ms fixation cross, a first memory item was presented for 750 ms, followed by a blank screen for 250 milliseconds. Then a processing phase of 4000 ms started during which participants heard two (low CL) or four tones (high CL) to discriminate through a headphone (lasting for 200 ms). These tones were presented at a regular rhythm (one tone every 2000 ms or one tone every 1000 ms in the low and high CL conditions, respectively). After the first processing phase, the second memory item was shown for 750 ms, followed by a blank screen for 250 ms and a second processing phase. This sequence was repeated for each memory item, until the four memory items had been presented. All memory items were presented in the center of the screen, against a white background, within a virtual rectangle of 20 × 25 cm.
The fourth processing phase was followed by the probed recall phase. Participants were presented on screen with four empty boxes (i.e., as much as items to remember), and one of these boxes was highlighted in red (i.e., red border instead of black). The participant was instructed to recall the item that was presented in that specific serial position. Thus, if the second box was highlighted, the participant should recall the item that was presented in the second serial position. Participants had to click on the item presented below that had occupied this serial position in the memory sequence and this item appeared then in the highlighted box. After a short jittered intertrial interval (logarithmic distribution with mean 6000 ms, min 700 ms, max 14,500 ms), the next trial started.
Participants started the experiment with a training phase. First of all, the general outline of the experiment was explained and participants were shown the 64 possible memory items, presented by category to familiarize them with these images. Then the maintenance task was explained, followed by two examples. Next, participants were trained on the tone discrimination (processing) task until they reached a minimum score of 80% correct. Finally, participants performed three training trials combining the maintenance and processing task. All participants indicated that they had well understood the task and then started the experimental trials.
Results
The current study and main analysis pertaining to our research question, that is, the presence of a CL effect in between-category memory sequences, was preregistered on aspredicted.com (https://aspredicted.org/2wh92.pdf). As planned, participants who did not perform well on the tone- discrimination task were excluded from further analysis, as it could not be ascertained that they followed the instructions inducing the manipulation of the CL. The cutoff criterion was set at 70% of correct responses on the tone discrimination task. Initially and as preregistered, 24 participants were tested. Five of these were excluded based on the 70% cutoff criterion. The results of the remaining 19 participants resulted in clear evidence for the main goal of the present study, that is, the presence of a clear CL effect in between-category memory sequences. Because several additional, exploratory analyses remained inconclusive with the data of only 19 participants, we decided to add more participants. Given Bayesian analyses, there is little danger from collecting additional data. 51, 52 In particular, we added 11 participants (total of 35) in order to arrive at a final sample of 30 participants that passed the 70% cutoff criterion for tone discrimination task. The mean accuracy score on the tone discrimination task for these remaining 30 participants was 91% (SD = 5).
For all analyses, we have used JASP. 53 JASP uses the BayesFactor package 54 as a back-end computational engine. In JASP, the null hypothesis is a point-null hypothesis with all mass on 0. For the alternative models, we have used the default settings proposed by JASP (i.e., t-test: r scale = 0.707; ANOVA: r scale = 0.5 for fixed effects, 1 for random effects, and 0.354 for covariates).
Planned analysis
In line with the preregistered plan of analysis, we calculated mean recall scores for the probed memory item in the low and high CL conditions. In the low CL condition, participants reported on average 74% (SD = 16) of the probed memory items correctly, while in the high CL condition, this was only 61% (SD = 17). As preregistered, we used Bayesian analysis to examine the evidence in the data for the predicted difference in mean recall scores. To do so, we used the Bayes Factor (BF) approach (in contrast to the parameter estimation approach). We performed the planned and preregistered one-sided Bayesian t-test in JASP revealing extreme evidence c in favor of the expected CL effect in between-category memory sequences, BF = 604,731. In the Supporting information file 1 (online only), the sequential BF analysis is shown (as we added more participants later on) as well as a robustness check.
Further analyses
The following analyses were not preregistered and were performed to explore and qualify the observed CL effect. In a first additional analysis, we examined the CL effect for each category and over the different trial blocks. In a second additional analysis, we explored the recall error pattern in more detail.
In the first additional analysis, we performed a 2 (CL: low and high) × 4 (Category: places, faces, orientations, and words) × 3 (Block: first -secondthird) Bayesian repeated measure ANOVA on the percentage correct recall with CL, Category, and Block as within-subject factors. The best model included the main effects of CL and of Category, but no main effect of Block, nor any interaction terms. This best model (CL + Category) was preferred (BF = 1.04, see Ref. 19 ) over the null model. Additionally, the best model was preferred (BF = ß17) over a model that also included the interaction between CL and Category. There is thus strong evidence against the hypothesis that the CL effect differed among the different memory categories (see Fig. 3 ).
d Next, we compared the best model (CL + Category) against a model that also includes the c According to Jeffreys' classification scheme of BFs. 55 d For each of the four categories, we performed a onesided Bayesian t-test. All BFs were in favor of a higher recall performance in the low CL conditions and these main effect of Block. The best model was preferred (BF = ß30) over the model including the factor Block as well. This strong evidence for the absence of a main effect of Block in this experiment shows that the CL effect remained present during the entire experiment and was not dependent on participant's state of fatigue.
In the second additional set of analyses, we analyzed the error patterns in the low and the high CL conditions. Each answer given by the participant can be categorized into four response types, of which one corresponds to the correct response and the three correspond to errors (Fig. 4) . If the answer given corresponds to the probed item, this results in a "Correct response." Regarding our example in Figure 2 , this would correspond to answering "PAUF." If the answer given by the participant is not the correct response, then it was first verified whether the participant reported the category correctly. If this was the case, this means the participant reported an incorrect instance of the correct category, hence corresponding to an "Instance error." In our example, this would correspond to answering, for example, "GING," which corresponds to the correct category of pseudowords, but it is not the correct instance. If on the other hand, the category was not correct, then it was checked whether the participant reported a correct instance of another category. This would come down to an "Order error." In our example, reporting the two lines tilted 30°t oward each other on the upper side would correspond to an order error. The participant gave the correct instance but of a nonprobed category. If, on the other hand, the participant reported an incorrect instance of a nonprobed category, this was classified as an "Other error." Answering the two lines both oriented 30°to the right would correspond to this kind of error. The participants thus reported an instance of an incorrect category, and additionally, for the reported category, the participant reported an instance that had not been shown in that trial.
The main goal of analyzing the error patterns was to explore whether reducing the opportunity for refreshing (going from low to high CL) would BFs were all above 10, providing strong evidence that recall was indeed better in the low CL condition, for each of the four memory categories. result in a disproportional increase in one of these error types. If that were the case, this could inform us more about the nature of refreshing. For example, observing a higher proportion of order errors in the high CL than in the low CL condition would suggest that refreshing specifically focuses on order information. Or, observing a higher relative proportion of instance errors in the high than in the low CL condition would indicate that refreshing acts rather on the item level, without specifically taking into account category information. Figure 5 shows the distribution of the error types in the both CL conditions. It can immediately be seen that the relative proportions of the different error types were not drastically different between the low and high CL conditions.
We performed Bayesian t-tests in JASP to compare the proportion of each of these error types in the low and the high CL conditions. Regarding the instance errors, we obtained inconclusive ("anecdotal") evidence against a difference (BF = 2.62) between the CL conditions. If any difference was observed, then it was more instance errors in the low CL condition. Regarding the order errors, we obtained moderate evidence against a difference between the low and the high CL condition (BF = 4.98). Moderate evidence was also obtained against a difference for the other errors between the low and the high CL conditions (BF = 3.17). Thus, taken together, there is no evidence in the data for a particular relation between refreshing and error types.
Discussion
The main outcome of the present study concerns the observation of a CL effect for between-category memory sequences. The observation of a CL effect for between-category sequences adds to the robustness of the CL effect, which previously had only been shown using memory material belonging to one same category within a sequence (e.g., all verbal, spatial, or visual memory items). Moreover, as the CL effect is typically interpreted as the result of the act of refreshing, observing the effect for betweencategory memory sequences adds to the generalizability of refreshing as a domain-general mechanism to maintain information in WM.
In the present experiment, we obtained straightforward evidence for a CL effect, that is, better memory performance in the low than in the high CL condition. This effect was observed for each of the different categories separately: pseudowords, faces, places, and line orientations. To our knowledge, this is the first demonstration of the CL effect for between-category sequences, and for these specific memory conditions).
e Based on current assumptions on refreshing, that is, a domain-general attentional maintenance mechanism counteracting decay-based forgetting of memory representations, we had hypothesized to observe a CL effect for between-category sequences. As stated at the beginning of our paper, there was nevertheless at least one reason why one could have expected not to observe a CL effect for betweencategory memory sequences. Instead of refreshing being tied to decay, one could assume refreshing to serve as counteracting interference and as such e As stated in Footnote a, the categories chosen in this study were categories that had previously been shown to be suitable for use within an MVPA-paradigm (up until now typically making use of between-category sequences). The fact that the CL effect applies to between-category memory sequences with these specific categories suggests that future MVPA studies could use the paradigm of the current study to examine refreshing in WM. serve to keep representations distinguished from one another. The studies of Farell and Oberauer 38 and Young and Supa, 39 for example, showed that sequences composed of items belonging to different categories are easier to remember than sequences of items belonging to a same category. This outcome may be the result of within-category confusion, as items showing more overlap are more confusable. If refreshing serves to eliminate this confusion, by making them more distinct, then we should not or to a much lesser extent have observed a CL effect for between-category sequences. The current study contradicts this reasoning by showing strong evidence for a CL effect when the memory items belong to different categories. Thus, it appears that refreshing is not limited to the maintenance of sequences of memory items that can easily be confused. Now that we have demonstrated, for the first time, a CL effect in between-category memory sequences, it might be interesting, in future studies, to directly compare the CL effect in betweencategory and within-category memory sequences. This will allow testing whether the magnitude of the CL effect is similar in between-category and withincategory memory sequences. As a first comparison, in Supporting information file 2 (online only) we present a between-study comparison using the data of an earlier study of ours in which within-category sequences were used. 20 This comparison appears to reveal similar CL effects in the two types of memory sequences.
In exploratory, follow-up analyses of the main results of the present study, we have searched for some further clues on the nature of refreshing by exploring the error patterns in the low and high CL conditions. Three types of errors were explored: instance errors (i.e., correct category but erroneous category instance), order errors (i.e., correct instance of a category not probed in that serial position), and other errors (i.e., incorrect instance of a category not probed in that serial position). We observed that the proportion of these errors in the low and high CL condition was fairly similar; almost half of the observed errors in both conditions were order errors, about one-third of the observed errors in both conditions were instance errors, and the remaining 20% of the observed errors in both conditions were other errors. Thus, none of the error types was disproportionally represented when the CL of concurrent processing was increased. This indicates that refreshing affects item and order information similarly, and is in line with recent findings of Camos et al. 56 who directly compared item-based and order-based recall in verbal WM. Thus, refreshing seems to act on a representation as a whole, taking into account the totality of information linked to the memory item instead of having its focus on either item or order information only.
It was interesting to observe that the modifications that we made in the typical complex span paradigm in the present study did not alter the typically observed findings, hence confirming the robustness of the CL effect. As a main manipulation, we had changed the typical same-category memory items to between-category memory items and we still observed a CL effect. Next to this main manipulation, (1) we made use of categories that had not been used before in a complex span paradigm, that is, line orientations, faces, and outdoor places. We obtained nevertheless a typical CL effect for these, as well as for the nonnovel categories (i.e., pseudowords). (2) We changed the typical serial recall procedure to a probed recall procedure and still obtained a CL effect. (3) Last, we increased the number of trials typically used in the complex span paradigm (usually not exceeding 36 trials) to 72 trials in the present study and the CL effect remained present from the beginning until the end of the experiment. This indicates that the spontaneous use of refreshing as a maintenance strategy was not reduced by fatigue that might arise by the end of the experimental trials. Hence, we conclude that the CL effect, and the assumed act of refreshing underlying this effect, are robust phenomena, resisting to a number of variations in the paradigm used and strongly suggesting a domain-general character.
The results of the present study fit well with those WM frameworks that assume the existence of domain-general resources to support maintenance. [7] [8] [9] On the contrary, strictly speaking the results do not fit with the early versions of the multicomponent account of WM, 1, 2 in which maintenance is supposed to be driven by domainspecific resources and not necessarily by attention. A more recent version of the multicomponent model 57 added the episodic buffer as a fourth component. This buffer is conceived as a storage device that is capable of maintaining different types of information and might well be driven by attentional resources. Such a kind of intermediate account was also suggested by a number of recent studies, 10, 15 with maintenance typically supported by attentional processes, but verbal maintenance possibly additionally supported by domain-specific verbal resources. No domain-specific visuospatial resources were proposed in these studies, leading to an asymmetry between verbal and visuospatial resources. The present results could fit with these WM accounts, as long as there is an explicit attentional component involved in the maintenance of information within WM.
To conclude, the present study has shown that a typical CL effect is observed when using the complex span paradigm in which memory items belonging to different categories have to be maintained. This observation adds to the robustness of the CL effect and the domain-generality of refreshing as a maintenance strategy.
